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ABSTRACT

The Paeonia emodi (P. emodi) leaf extract was manipulated for the phytogenic fabrication of nickel oxide
nanoparticles (NiO NPs) for in-vivo and in-vitro antibacterial activity against Escherichia coli (E. coli: (ATCC
#: 15224)) and Staphylococcus aureus (S. aureus (ATCC #: 6538)). The surface area was found to be 78 m?/
g and was determined by the BET method using N, adsorption-desorption data. The cubic geometrical
shape of NiO NPs was confirmed through X-ray diffractogram (XRD) analysis, and the enumerated crys-
tallite size is 22.37 nm. The microstructure analysis was carried out via scanning electron microscopy
(SEM), whereas the elemental composition was investigated by energy dispersive X-ray (EDX). The band
gap energy of 1.93 eV was determined on the basis of the transmittance edge seen in the diffuse reflec-
tance (DRS) spectrum. The surface functional moieties were identified by manipulating Fourier transform
infrared (FTIR) spectroscopy. The MIC (minimum inhibitory concentration) value for E. coli (7.02 pg/mL)
was found to be higher than that for S. aureus (3.51 pg/mL), whereas the dose-dependent in-vitro analysis
was also carried out. In both bacteria, 3 x 107 CFUs was the tolerable concentration that causes maximum
infection (no death) in mice. To explore the in-vivo therapeutic effectiveness of NiO NPs, 11 pm suspen-
sion was injected as the tolerated dose. The haematological and histopathological analysis discloses that
the significant reduction in the bacterial infection was seen after the synchronous inoculation of NiO NPs
and the bacterial suspensions.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

the resistant strains because of exploitation of the antibacterial
agents, so there is hasty requirement to come up with the antibac-

Multidrug resistant bacterial strains have been recognized as
substantial nosocomial pathogens. The impotence to treat them
with the traditional antibiotics is leading to a significant increase
in the clinical impediment. There is an increased pervasiveness in
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terial agents with an absolutely distinct mode of action and struc-
ture. Various mechanisms in the past few decades have failed to
treat animals and humans because the extensive use of antimicro-
bials cause bacterial resistance as they are readily adapted to the
changing environmental conditions (Arora et al., 2015). The excep-
tional development in the domain of nanotechnology could be
manipulated to engender economical and novel antimicrobials.
Metal and the metal oxide NPs have been extensively studied for
the inhibition of bacterial growth as they are of small size and pro-
duce reactive oxygen species for bacterial inhibition (Ramalingam
et al., 2019).
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At present metal oxide nanoparticles are considered to be
entrancing materials because of their distinguishing applications
in antibacterial, anti-fungal, electrochemical fields and the fields
of food and sensors. They possess an extensive variety of applica-
tions regarding their enchanting chemical, electrical, optical and
mechanical possessions. The shape, size, magnetic and electrical
properties and large surface are the striking features that distin-
guish metal oxide nanoparticles from their bulk material. Among
all other metal oxide NPs, NiO NPs have been engrossing on the
account of their tunable and multifunctional nature
(Maruthupandy et al., 2020). NiO is considered one of the most
important transition metal oxide used for several applications and
possess a cubic lattice structure. These NPs possess distinguishing
chemical, thermal, physical, electrical, thermal and optical properties
(Anand et al., 2020). Owing to their unmatchable flexible properties
NiO NPs have fascinated the attention of most of the scientists and
researchers these days. NiO has a wide band gap of 3.6 eV- 4.0 eV
and is an intrinsic p-type semiconductor (Mayedwa et al., 2017). It
has been abundantly manipulated for various applications in super
capacitors, photocatalysis, lithium ion batteries, smart windows,
catalysis of chemical processes, transparent conducting layers, solar
thermal absorbers and electrochemical sensing. These NPs are also
used in biomedicines owing to their anti-inflammatory property.
They could also be utilized for the remediation of dyes and the envi-
ronmental pollutants (Igbal and Munir, 2019). Several methods like
precipitation, hydrothermal synthesis, ball milling, sol-gel synthesis,
gas deposition, electro-deposition and thermal decomposition
method have been applied for the manufacture of NiO NPs, but most
of them require sophisticated process and highly expensive instru-
ments and are not environmental friendly. To get over the problem
of toxicity and tedious instrumentation green method is highly pre-
ferred as it is non-toxic energy saving, cheap and also ecofriendly
economic method (Anand et al., 2020; Lingaraju et al., 2020). Such
environment benign method requires the manipulation of biological
systems such as plants, fungi and the naturally available molecules
like proteins and vitamins. Mainly, the plant extracts are prioritized
as they act as the good capping and reducing agents (Ezhilarasi
et al,, 2020). Literature unveils that various plant materials are
manipulated along with different precursor salts for the fabrication
of NiO NPs. Tamarix serotinaflower, Calotropic gigantean with nickel
nitrate as precursor salt, nickel chloride served as precursor salt with
neem leaves and Psidium guajava and Azadirachta indica for the fab-
rication of NiO NPs. Similarly, Callistemon viminalis and Arabic gum
have been used with nickel nitrate and nickel chloride respectively,
for synthesizing metal oxide NPs (Isa khan et al., 2020).

In the current investigation, the extract from P. emodi leaves
was used as a reducing and capping agent in the environmentally
friendly production of NiO NPs. The Paeoniaceae plant P. emodi is
typically found in the mountainous areas of northern Pakistan
and is used there to treat colic, hypertension, and asthama. Utiliz-
ing techniques such as N2 adsorption-desorption, SEM, XRD, DRS,
EDX, and FTIR, the physiochemical characteristics of the NiO NPs
were examined. The 96 well plate and the well diffusion tech-
niques were used in the MIC and in-vitro experiments respectively.
Mouse models were injected with various quantities of the
selected bacteria and NiO NPs to determine in-vivo tolerance.
The symbiotic relationship between bacteria and NiO NPs was evi-
dent from the histopathological and haematological investigations.

2. Materials and methods

2.1. Reagents used

The analytical quality reagent were provided by Sigma-Aldrich,
including ethanol, nickel nitrate hexahydrates, iodonitrotetra-
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zolium chloride, and agar nutrients. While all of the required solu-
tions were prepared in double distilled water, the NiO NP
suspensions for in-vivo and in-vitro testing were made with regu-
lar saline. After washing with a fifteen percent (v:v) HNOs solution,
the glassware was thoroughly rinsed using double distilled water.
The chosen bacteria species were supplied by the department of
pharmacy.

2.2. Extract preparation

To remove dust particles, the healthy P. emodi leaves were thor-
oughly cleaned three times: once with regular water, twice with
deionized water. To preserve all the chemical components includ-
ing chlorophyll, the leaves were shade-dried. Using a sterile grin-
der, the leaves were reduced to small bits, and 10 g of the
reduced leaves were added to a titration flask that held 200 mL
of boiling deionized water. Aluminum foil was used to tightly seal
the titration flask for a period of 12 h. The top transparent layer of
the greenish crude extract was removed, centrifuged for 15 min at
4000 rpm, and then stored at 4 °C.

2.3. Synthesis of NiO NPs

In 500 mL of deionized water, 0.73 g of nickel nitrate hexahy-
drate was dissolved to create a 5 mM stock solution. For the cre-
ation of NiO NPs, 45 mL of the stock solution and 15 mL of P.
emodi leaf extract were homogenized under stirring. A suitable
quantity of NaOH solution was added to keep the pH at 10. At
50 °C, the reaction mixture was stirred for 90 min and was then
allowed to cool at room temperature for 24 h. Centrifugation was
used to separate the solid product, which was extensively cleaned
with deionized water before being treated with analytical grade
ethanol. In an electric oven, the resultant product was dried at
100 °C before being stored in a sealed sample vial.

2.4. Characterization

The N2 adsorption-desorption examination was done using the
GeminiVII2390i instrument, and the data acquired was processed
by utilising BJH and BET techniques to determine the textural
parameters, viz., pore size and surface area. The crystallographic
parameters were determined by manipulating the Panalytical X-
pert Pro in the 2-theta range 20°-80°, and the crystallite size was
enumerated using the full width and half maximum (FHWM) val-
ues. The surface morphology was investigated using the Japanese-
made SEM model 5910 and the TEM (HRTEM, JEM-2010). While
the surface chemical moieties were classified using FTIR analysis
(Nicolet 6700 (USA)), the elemental composition was ascertained
using EDX and SEM (model: INCA 200 (UK)).

2.5. MIC assay

A 96-well plate technique, commonly known as an ELISA, was
manipulated to conduct the MIC (minimum inhibitory concentra-
tion) experiment, and 100 pL of the broth medium was applied
to 72 wells in columns 1 to 9. The antibiotic solution (256 pg/
mL) was put into 24 wells (columns 10 to 12) in triplicate, while
100 pL of NiO NPs (1024 pg/mL) were placed in 48 wells (columns
1 to 6) and each row contain 100 pL. The 100 pL bacterial suspen-
sion and the microbial suspension of S. aureus and E. coli in normal
saline were collated. The first three columns were filled with the S.
aureus suspension, and the following column was filled with the
E. coli suspension. The columns containing bacterial suspension,
which serve as an indication of the non-inhibitory concentration
of NiO suspension, were combined with the 40 pL iodonitrotera-
zolium chloride (INT) solution (1 mg/5mL). Prior to the row where
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the colour changed, the lowest concentration row is where the MIC
value was recorded.

2.6. In-vitro antibacterial study

The synthesizrd NiO NPs was screened against the selected bac-
teria following agar well diffusion procedure and the Agar nutrient
was employed as a substrate for antibacterial susceptibility testing.
Clinical strain was generated using the 0.5 McFarland solution, and
the NiO suspensions were made by dispersing one, two, three and
four milligrams in one milliliter of normal saline. With the use of
sterile swabs, bacterial pathogens were streaked over the medium
and sterile borer was used the dig the well having 8 mm diameter.
Every well was then separately filled with 100 L of each suspension
before being incubated at 37 °C. After 24 h, the activity of NiO NPs
against certain bacteria was evaluated using the zone of inhibition,
which is quantified in millimetres (mm).

2.7. Tolerance study

According to the local ethics commission, all animal experi-
ments were carried out. In this investigation, female mice weighing
20-22 g and aged 6-8 weeks were employed. The mice were
assigned at random to five groups of five, with n = 5 in each group.
Different quantity of the prepared NiO Suspensions (1, 2, 3, 4 and
5 ppm) and microorganism broth (1 x 107, 2 x 107, 3 x 107,
4 % 107, and 5 x 107 CFUs/mL) were administered to model organ-
isms (n = 5). The behaviours of the model organisms were observed
for the first four hours and then For future research, the highest
dose of nanoparticles and bacterial solution that allows mice to live
for 14 days was used.

2.8. In-vivo antibacterial study

For in-vivo antibacterial tests, wholesome, pathogen-free mice
that were at the age of 6-8 weeks and weighed about 20-22 g were
used. Mice models were concurrently given a specified amount of
NiO NPs (11 ppm) and bacterial solutions (3 x 107 CFUs). The
effectiveness of NiO NPs was evaluated by contrasting the
histopathological and haematological results of infected mice with
those that had simultaneously been injected with bacteria and NiO
NPs.

2.9. Histopathological study

For histopathological study, the selected organs were the lung,
spleen, liver, and kidney. A trifling part of these organs was served
with 10 % formalin and later with paraffin, followed by cutting
them down to 5-6 mm (mm) sections using the standard
histopathological process, and then fastened on the glass micro-
scopic slide (Mushtaq et al., 2017). The slices were stained with
hematoxylineosin and seen under a light microscope.

2.10. Hematological study

After anticoagulation, the blood was sampled from the hearts of
mice that had been given injections of specified amounts of NiO
NPs and bacterium suspensions, as well as animals that had been
infected with various bacterial species. Blood parameters including
haemoglobin (HGB), platelet count (PLT), mean platelet volume
(MPV), average corpuscular haemoglobin concentration (MCHC),
Mean corpuscular haemoglobin (MCH), mononuclear percentage
(MOD%), granulocyte percentage (GRN%), average corpuscular vol-
ume (MCV), and lymphocyte percentage (LYM%) were studied
using the automatic haematology analyzer (MEK-6318 K).
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3. Results and discussion
3.1. Physico-chemical study

The type IV (a) N, adsorption/desorption isotherm shown in
Fig. 1, exhibits a rounded lower knee, suggesting that the meso-
porous nature of NiO NPs. The isotherm exhibits maximum adsorp-
tion ranging from 0.5 to 0.8p/p°®, leading to the formation of an H2
(b) hysteresis loop, which is associated with pore blockage. The
BET surface area calculated was 78 m?/g with pore size and pore
volume of 18.12 nm and 0.327 cc/g, respectively.

The XRD pattern of NiO NPs reveals three diffraction peaks with
corresponding hkl values of (111), (200), and (220) at 37.32,
43.36, and 62.94 as shown in Fig. 2a. The cubic geometry of the
synthesized NiO NPs was confirmed by the peaks and hkl values,
which corresponded with peaks noted on JCPDS card 01-073-
1519. The crystallite size of 22.37 nm and the crystallographic
defect of 0.401 % were determined by the Debye-Scherrer equation.
The presence of elements in the sample, their percentage and pur-
ity of NiO NPs was explored by using an EDX analysis (Fig. 2b). The
intense Ni peaks at 0.8, 7.9, and 8.5 keV, as well as a signal at
0.6 keV ascribed to O and a band at 0.4 keV assigned to C, are vis-
ible in the EDX spectrum of the examined sample. Ni, O, and C all
have weight percentages of 73.4, 25.2, and 1.4 %, respectively. The
carbon tape used to stack the samples caused the C peak in the
spectrum (Anand et al., 2020).

The morphology of NiO NPs was extracted from the low and
high-magnified SEM micrographs given in Fig. 3(a and b). The
low magnification SEM micrograph (Fig. 3a) shows mixed mor-
phology of the sample. Many small sized particles are irregularly
scattered led to the formation of porous like structure while other
are closely connected with one another, forming larger sheet like
structures. The high magnified SEM (Fig. 3b) shows that the parti-
cles with visible boundaries are closely connected with each other,
although some cavity are also seen due to the uneven distribution
of the NPs. The non-uniform size and shape of the particles are due
to the interaction of the NPs to each other through weak attractive
forces (Hafeez et al., 2021). An SEM micrograph revealed NPs sizes
ranging from 21.74 to 89.57 nm, with an average size of 58.86 nm
(Fig. 3b). The wide size range of several NPs are due to the dehy-
dration of the sample and it also believed that the NPs has high
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NiO NPs.
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Fig. 2. XRD diffractogram (a) and EDX spectrum (b) of NiO NPs.
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Fig. 3. Low (a) and high (b) SEM micrographs of NiO NPs.

surface energy and by aggregates formation the NPs disintegrate
their energy and become stable (Saravanan et al., 2018).

The DRS spectrum of NiO NPs exhibited in Fig. 4 (a) illustrates
that the highest absorption turned out to be in the visible range,
which is responsible for the excitation of election to conduction
band from valance band. The wavelength of the transmittance edge
for NiO NPs is 645.01 nm and was calculated by joining the sharp
rising portion with X-axis of the UV-vis plot according to the pre-
vious finding. (Haq et al., 2018). The band gap of NiO NPs was
found to be 1.47 eV as its evident from the Tauc’s plot (inset: 4),
which is less than that reported in literature (Haq et al., 2021b).
In the FTIR spectrum of the NiO NPs exhibited in Fig. 4 (b), a low
intense at 3702.05 cm! is due to non-bonding water molecules.
The broad absorbance band centered at 3455.99 cm™! is accredited
to the vibration of O—H moiety, whereas the peak at 1636.39 cm ™!
is assigned to the bending vibration of water molecule (Haq et al.,
2021a). The peak at 1395.03 cm™! was attributed to the NO; moi-
ety, which could be due to the use of nickel nitrate salt (Rehman
et al,, 2021), whereas the band at 1242.57 cm-1 is ascribed to
the vibration of the terminal Ni(OH), (Angel Ezhilarasi et al.,

2018). The band at 1096.85 cm™! and 1031.19 cm™! is assigned
to the strong extending vibration of Ni-O, whereas the bands at
548.56 cm ! and 439.39 cm~! are the wagging and bending vibra-
tions of Ni-O (Haq et al., 2021b).

3.2. MIC results

The important aspect of antibacterial activity is to determine
the minimum amount of the antibacterial agent that restricts the
growth of treated bacterial species. The MIC experiment was exe-
cuted to estimate the minimum quantity of NiO NPs that controls
the growth of both E. coli and S. aureus. During the current exper-
imental condition, the coloured wells show that the amount of NiO
NPs is enough to stop the growth of bacterial pathogens, whereas
the colour wells indicate the quantity of NiO NPs is too small to
control bacterial growth. The amount in the wells just before the
coloured well is considered the MIC of NiO NPs against each bacte-
ria. The results show that 3.51 pg/mL and 7.02 pg/mL are the min-
imum quantities of NiO NPs that totally restrict the growth of
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Fig. 4. DRS (inset: Tauc’ plot) (a) and FTIR (b) spectra of NiO NPs.

E. coli and S. aureusunder the current experimental context,
respectively.

3.3. In-vitro antibacterial activity

The antibacterial screening of NiO NPs was carried out against
Gram negative bacteria (GNP) and Gram positive bacteria (GPB)
and the obtained experimental photographs of concentration-
dependent antibacterial activity are given in Fig. 5 (a and b) shows
high activity against both bacteria at higher concentration. This rise
in activity can be attributed to the abundant quantity of NiO NPs
available in the suspension that can encounter the bacterial growth.
Based on the measured inhibition zones, the activity of NiO NPs was
found greater against GPB than GNB comparatively. Similar results
were also obtained during the MIC experiment, where 3.51 pg/mL
and 7.02 pg/mL are the inconsiderable amounts of NiO NPs that
restrict the growth of S. aureus and E. coli, respectively. This contrast
in the activities may be attributed to the dissimilarity in the cell wall
composition of GNB and GPB of both bacteria. Cell wall of the GPB is

solid, consisting of manifold layers of teichoic acid, peptidoglycan,
and lipoteichoic acid. Lipoteichoic acid and teichoic acid serve as
the chelating agents which capture the Ni cation from NiO and pen-
etrate it within the cell. The cell wall of GNP consists of several pep-
tidoglycan layers with an outer membrane. The major constituents of
the outer membrane are lipoproteins and the lipopolysaccharides,
and the peptidoglycan interact with lipoproteins in fluids including
periplasm and allowing the transport of NiO (Haq et al., 2021a).
GPB bears a partial + ve charge due to the presence of phosphate ions,
while lipopolysaccharide and phospholipids provide GNB with a
heavy negative surface charge. Resultantly, the electrostatic interac-
tion of the Ni2* ions in the suspension promptly interferes with —ve
charged bacterial surface, and as a result the biochemical nature of
disturbed. The GNB cell wall is relatively thinner than the GPB cell
wall comparatively, so the capacity of penetration of Ni** into the
inside of GNB is higher than GPB. In this process, the 02 is also
released and by reacting with water produces the hydrogen peroxide
that kills the pathogens after penetrating them (Shah et al., 2019;
Zarei et al., 2020).

Fig. 5. Pictorial representation of antimicrobial activity of NiO NPs against selected bacteria; a = S. aureus; b = E. coli.

5



A. Shah, I. Tauseef, M. Arfat Yameen et al.
3.4. Tolerance study

3.4.1. Histopathological analysis

The tolerance of the mouse model to NiO NPs was study by
inoculation of five, ten, fifteen, twenty and twenty-five ppm sus-
pension into five mice groups (where each group has five mem-
bers), and behavior observation for fourteen days. Mice exposed
to 10 ppm survive for 14 days, whereas those exposed to 20 and
25 ppm either pass away right away or over the course of many
days. Severe skin infections, thirst, and a progressive weight loss
were all observed in mice fed with a 15 ppm solution, which
may have been caused by the mice’s diminished appetite. The
group’s other two members survived for a total of 14 days with
very minimal odd behaviour, while two of them passed away after
just 10 days and the third after 13 days. It is clear from this that the
concentrations beyond 15 ppm did not have an impact on the cur-
rent experimental design. The precise acceptable dose of NiO NPs
was next examined by injecting 11, 12, 13, and 14 ppm into four
groups of mice. In contrast to those infected with 12 ppm, which
showed severe skin infection, dehydration, and weight loss, and
two mice in the group died on the 13th day, the groups receiving
injections of 13 and 14 ppm all perished on the 14th day. The mice
given an 11 ppm vaccination showed signs of skin infection, weight
loss, and sleepiness, but they survived for fourteen days. To deter-
mine the effect of the NiO NPs on the various organs of mice model,
histopathological analysis was done on the control, tolerated group
(11 ppm; whereas the infected mice reverted to normal condition
after few days), and maximum dosed group (14 ppm; fatal dose
resulted in death) groups. The results of the mice models dosed
with NiO NP suspensions at 11 and 14 ppm are shown in Fig. 6,
along with a comparison of histological findings in the liver, kid-
ney, spleen, and lung.

In the kidney section shown in Fig. 7, no major difference was
found beside a mild congestion among the control group and the

Journal of King Saud University — Science 35 (2023) 102456

one exposed to tolerated dose. A degenerative alteration with fre-
quent leukocytic infiltrations was observed in the tubular epithe-
lial cells. The metabolic irregularity in the mice was because of
necrosis in the tubular epithelium (Ahmadmoradi et al., 2012;
Gad and Zaghloul, 2013; Jasper et al., 2012). Following inoculation
with an 11 ppm NiO suspension, a little bleed was noticed in the
parenchyma of the spleen. In contrast to damaged blood vessels
in the spleen segment, significant leukocyte infiltration was visible
in the splenic parenchyma of mice infected with a fatal dosage.
Mice given an 11 ppm solution of NiO NPs had bronchioles that
were almost perfectly normal in morphology and just slightly infil-
trated with leukocytic cells in the lung region. Mice implanted with
a fatal dosage of NiO NPs had significant leukocytic infiltration in
the lung region due to coagulation in the epithelial linings of the
bronchi and total bronchial destruction (Gad and Zaghloul, 2013;
Wang et al., 2017). The gross lesions are swollen and a damaged
lung with ruptured fibrin was seen, which merged together to form
a bullae (Gao et al., 2013). The dreadful inflammation of the alve-
olar septa lead to the pathological abrasion resultantly followed
by a total damage (Chen et al., 2007). Besides the minor lesion
and hemorrhages, the hepatocytes are visualized to be normal after
inoculation of a tolerated dose. The extensive lesions with moder-
ate hemorrhage was visualized in liver after giving a dose of
14 ppm suspension of NiO NPs. Several focal hemorrhagic and
necrotic areas were seen in the liver, where necrotic foci and poly-
morph nucleated cells are scattered (Gad and Zaghloul, 2013;
Llobet et al., 1988). Due to bursting blood vessels, extreme pete-
chiae and purpura hemorrhage was noticed in the kidney, spleen,
liver and lungs sections of mice loaded with lethal dose.
Inoculation of various bacterial suspensions, namely 1 x 107,
2 x 107,3 x 107, 4 x 107 and 5 x 107 CFUs, was used to examine
the immunity of mice against the selected bacteria. Five group of
mice (n = 5) were given separate S. aureus suspensions and their
behavior were noticed for 14 days. Under a light microscope, the

Kidney

Tolerated dose Control

Lethal dose

Lung Liver

Fig. 6. Histopathological examination of kidney, spleen, lung and liver of mice injected with low and high dose of NiO NPs for 14 days; tolerated dose (11 ppm) and lethal

dose (14 ppm).
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Kidney

Tolerated dose Control

Lethal dose

Lung Liver

Fig. 7. Histopathological examination of kidney, spleen, lung and liver of mice injected with low and high dose of S. aureus inoculums for 14 days; (Tolerated dose = 3 x 107

CFUs; Lethal dose = 4 x 107 CFUs).

kidney, liver, spleen, and lung of mouse models injected with tol-
erated dose with tolerated dose (3 x 107 CFUs) and lethal dose
(4 x 107 CFUs) were tested, and the results are exhibited in
Fig. 7. The inoculation of E coli suspension was done in the same
way, and the findings are seen in Fig. 8. The mice loaded with
the lethal dose had noticeable signs such as ineffective action, skin
inflammation, and weight loss, which faded with time. The symp-
toms observed in the mice unveiled to the tolerated dosage are low
food consumption, dehydration, gradual weight loss, and uncon-
trolled breathing, however these mice survived for fourteen days.

Mice inoculated with the tolerated doses of both bacterial sus-
pensions exhibited moderate necrosis and congestion on the
parenchymal surface, while mice exposed to a lethal dose showed
glomerular degeneration, severe necrosis, and high degrees of infil-
trations. The spleen of mice inoculated with 3 x 107 CFUs of S. aur-
eus was seen normal where a medium degree hemorrhage was
observed in the spleen of mice injected with 3 x 10’ CFUs of
E. coli. A severe leukocytic infiltration in the parenchyma and hem-
orrhage was examined on the capsular spleen surface upon the
inoculation of 4 x 107 CFUs of both bacteria. At low doses, lung
cells showed a slight broadening of the alveolar septum and lym-
phocyte intrusion, while at high doses, substantial dilation and
massive lymphocyte impaling result in ultimate destruction of
lung cell (Hunter et al., 1973). An extreme petechial and puerperal
hemorrhage was observed in kidney, spleen and liver section,
which might be due to bursting blood vessels. In contrast to the
control group, the moderate infection was found in the tissue of
the scrutinized mice organs treated with a tolerated dose.
Histopathological examination revealed the extremely abnormal
condition of mice organs exposed to high concentrations of NiO
NPs and bacterial suspensions.

The in-vivo therapeutic study of NiO NPs against the selected
pathogens was carried out by synchronous injection of 11 ppm
of NiO and 3 x 107 CFUs of bacterial suspension and the liver,
spleen, lungs and kidney of mouse models was histopathologically
examined as demonstrated in Fig. 9. After the synchronous vacci-
nation of NiO NPs and bacterial suspension, the mice seemed dis-
turbed and were not attracted to food for a few days. The
abnormal behavior along the moderate skin infection was seen in
the in the mice simultaneous inoculated with both bacteria and
NiO suspensions. However, the mice injected with E. coli and NiO
suspension had abnormal breathing, drowsiness, and nervousness
for a longer time period than those injected with S. aureus and NiO
suspension. Both of these symptoms persisted for fourteen days,
but their severity decreased with time, whereas the speedy recov-
ery was noticed in the mice unveiled to S. aureus and NiO suspen-
sion. The liver, spleen and lung of mice injected with S. aureus and
NiO suspension showed mild improvements, while the kidney por-
tion showed no infection. After the simultaneous inoculation of
bacterial and NiO suspensions, the ratio of petechial and puerperal
hemorrhage in tissue parts decreased. The irregular breathing of
both mouse models may be due to a mild infection found in the
lung section, where a moderately distressed respiratory bronchiole
with the alveoli was found in the lungs of mice injected with S. aur-
eus and NiO NPs. The livers of both mouse models showed minor
congestion and haemorrhage with no morphological symptoms.
However, the haemorrhage was more severe in the mice uncovered
to E. coli and NiO NPs. A moderate kidney obstruction along with a
minor liver hemorrhage was also noticed in mice doses with E. coli
and NiO NPs. These findings show that the extreme infections/-
damage found during the tolerance analysis after the inoculation
of bacterial pathogens is reduced after the simultaneous injection
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Tolerated dose

Lethal dose

Fig. 8. Histopathological examination of kidney, spleen, lung and liver of mice injected with low and high dose of E. coli inoculums for 14 days; (Tolerated dose = 3 x 107
CFUs; Lethal dose = 4 x 107 CFUs).
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Fig. 9. Histopathological examination of kidney, spleen, lung and liver of mice simultaneous inoculated with tolerated concentration of both NiO NPs (1 ppm) and bacterial
suspension 3 x 1077 CFUs).
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of NiO NPs and bacterial suspension. All of the findings point to the
inoculation of NiO NPs having a minor therapeutic effect against
such pathogens.

3.4.2. Hematological analysis

Infected mice and mice that were simultaneously injected with
bacteria and NiO NPs underwent a haematological study. Blood
samples from mouse hearts are measured after anticoagulation.
An automated hematology analyzer was used to determine blood
parameters viz., RBC, WBC, MCV, MCHC, MCH, PLT, MPV, HGB,
RDW, LYM percent, GRN percent, and MON percent (MEK-
6318 K). The blood hematological analysis of mice exposed to
NiO NPs and pathogenic suspension shows some important
improvements. Some blood parameters of infected mice, such as
WBC, lymph, GRAN#, MON#, GRAN%, MONY%, PLT, and RDW were
significantly higher than normal values, while MCV, MCH, and
MCHC were significantly lower than normal values, as seen in
Table 1.. The NPs are thought to have entered the lungs and were
passed into the blood circulation system by splitting the alveolar
cell, disrupting the hematological system (Al-Qayim et al., 2014).

Leukocytosis, or a high WBC count, is a sign of both bodily and
mental distress and shows that the immune system is battling an
infection. Additionally, it has been discovered that a particular
blood cancer-related bacterium may have a high WBS count. Idio-
pathic hypereosinophilic syndrome can cause edoema, weight loss,
rash, unconsciousness, confusion, and weakness by damaging the
nervous system, skin, lungs, liver, and heart (Shanker et al.,
2017). Monocytosis is a usual symptom of chronic myelomono-
cytic leukemia, a form of leukaemia in which the blood is produced
in the bone marrow. Meanwhile, new research suggests that an
increased monocyte count is linked to some cardiovascular dis-
eases (Gad and Zaghloul, 2013; JENG and SWANSON, 2006). Gran-
ulocytes are white blood cells (WBCs) with small granules that
help the body combat viral and bacterial infections. The increase
in the number of granulocytes (granulocytosis) for infections,
blood cell cancers, and autoimmune diseases, causes the organism
to experience excessive sweating during sleep, abnormal breeding,
loss of appetite, fatigue, and pale skin (Akah and Alemji, 2009).

Red blood distribution width (RDW) blood testing determines
the amount of red blood cells (RBCs), which is estimated and is
over the normal range due to nutritional deficiencies (vitamin B-
12, iron, and foliate deficiency), parasite, liver and cardiac prob-
lems, cancer, and anaemia (Wang et al., 2017). A low RDW would
be expected given the high RDW and low MCV, which point to
microcytic anaemia brought on by RBC shortage (Chen et al.,

Table 1
Hematological analysis infected and treated mice models.

Journal of King Saud University — Science 35 (2023) 102456

2007). When liver cells are damaged, a substance called alanine
aminotransferase (ALT) is released into the bloodstream, which
can cause symptoms such as jaundice, lack of appetite, fatigue,
stomach discomfort, vomiting, and nausea in the organism. A high
ALT level is a sign of liver distress brought on by cirrhosis, hepati-
tis, liver cancer, or using medications that cause liver infections
(Rodrigues et al., 1995). The ratio of RBCs in the body is measured
by the hematocrit test (HCT), and high readings point to poly-
cythemia, dehydration, and lung and heart diseases. The type of
anaemia that an organism has can be determined by looking at
the mean MCV, or average RBC size, and the range of MCV. Micro-
cytic anaemia is a form of anaemia in which the RBCs are too small
because of lead poisoning, iron deficiency(low iron consumption in
the diet, gastrointestinal/menstural bleeding), thalassemia, or
other chronic disease (Kelly Nitsche, 2004). The overall amount
of haemoglobin in the body’s RBCs is represented by the mean
MCH. The major causes of low MCH are celiac disease, iron defi-
ciency, microcytic anemia and symptoms such as gasping, lack of
normal stamina, regular tiredness, dizziness, body fatigue, and skin
infection can occur when the level of MCH is lacking (Teeguarden
et al., 2007). The mean MCHC is the average amount of haemoglo-
bin present in a single RBC. Fatigue, gasping, light skin, dizziness,
easily bruised, and exhaustion are all symptoms of a low MCHC
level. Hypochromic microcytic anemia, which is caused by a
hemolysis, peptic ulcer and lack of iron is the most frequent cause
of low MCHC. Rapid breathing, a high heart rate, confusion, cough-
ing, sweating, wheezing, and gasping are all symptoms of this form
of anemia (Hein, 2003). All of these findings indicate that the infec-
tion in mice was exacerbated by the introduction of bacterial
pathogens. The in-vivo therapeutic action of NiO NPs against bacte-
rial infections was performed, together with data obtained from
haematological analysis of blood samples from severely sick mice
that weren't killed after receiving NiO NP treatment. The WBC,
Lymph, MON#, MON%, and MCV increased/decreased estimates
were observed to be practically within the standard range, demon-
strating the therapeutic value of NiO NPs. After the synchronous
inoculation of NiO NPs and bacterial pathogen, the deviated values
of RDW, MCHC and GRANY% appear to return to normal range. Thus,
these findings demonstrate NiO NPs therapeutic effectiveness in a
mouse model against E. coli and S.aures.

4. Conclusion

A facile and environment-affable approach was followed for the
fabrication of highly crystalline NiO NPs, which exhibit high sur-

Parameters E. coli infected mice E. coli-NiO inoculated mice S. aureus infected mice S. aureus-NiO inoculated mice Normal range
WBC 13.7*10°/L 2.2%10°/L 8.8*10%/L 5.7*10°/L 0.8-6.8
Lymph # 4.2*10°/L 1.6*10%/L 4.7*10°/L 3.8*10°/L 0.7-5.7
Mon# 1.2*10°/L 0.1¥10°/L 0.6*10°/L 0.5*10°/L 0.0-0.3
Gran# 8.4*10°/L 0.5*10°/L 3.5%10°/L 1.4*10°/L 0.1-1.8
Lymph % 30.0 % 73.5% 53.0 % 63 % 55.8-90.6
Mon% 88 % 39% 7.7 % 52% 1.8-6.0
Gran% 61.1 % 221% 39.7% 36.2% 6.36-9.42
RBC 9.24*10"2/L 19.66*10"2/L 8.45*10"2/L 18.46*10"2/L 11.0-14.3
HGB 11.1 g/dl 12.1 g/dl 13.2 g/dl 13.2 g/dl 8.6-38.9
HCT 39.6 % 373 % 449 % 436 % 34.6-44.0
MCV 42.9fL(L) 53.9fL(L) 53.0fL 53.4fL(L) 48.2-58.3
MCH 12.0 pg(L) 16.1 pg(L) 15.5 pg(L) 17.2 pg(L) 15.8-19.0
MCHC 28.0 g/dL(L) 29.2 g/dL(L) 29.3 g/dL (L) 31 g/dL(L) 30.2-35.3
RDW 20.3 %(H) 19.3 %(H) 21.1 %(H) 19.5 %(H) 13.0-17.0
PLT 2599*10%/L(H) 656*10°/L(H) 1016*10°/L(H) 1016*10°%/L(H) 450-1690
MPV 4.9fL 53 fL 5.5 fL 49 fL 3.8-6.0
PDW 15.7 15.9 16.6 15.1 -

PCT - 0.150 0558 % 0.613 % -
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face area and a narrow band gap. The MICs of NiO NPs for of S. aur-
eus (3.51 pg/mL) and E. coli (7.02 pg/mL) had provide a strong base
for in-vivo and in-vitro antibacterial experiment. The in-vitro activ-
ity procured to increase with increasing NiO NPs concentration,
which might be due to the maximum accumulation on the surface
and penetration on the inside the cell. The 3 x 107 CUFs are toler-
ated concentration of both bacterial species that cause maximum
infection (no death) in mice, whereas the 11 ppm suspension of
NiO NPs had caused no damage to the mice. The concentration
above 3 x 107 CUFs and 11 ppm was proved lethal and lead to
the death of mice eventually. The results also reveal that after
the inoculation of tolerated NiO dose, reduced the intensity of
infection mice, which prove the antibacterial potency of NiO NPs.
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